
UNCLASSIFIED 

AD 257 074 
QepAaduced 

by  ike 

ARMED SERVICES TECHNICAL INFORMATION AGENCY 
ARLINGTON HALL STATION 
ARLINGTON 12, VIRGINIA 

UNCLASSIFIED 



NOTICE:  When government or other drawings, speci- 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern- 
ment may have formulated, furnished, or in any way 
supplied the said clrawings, specifications, or other 
data is not to be regarded by implication or other- 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented invention that may in any way be related 
thereto. 



WADD TECHNICAL NOTE 60-283 

Category II High Temperature Evaluation 
of a T-38 Aircraft 

C/a/r K. Sandstrom 

Billy L. White 

FLIGHT TEST DIVISION 

FLIGHT AND ENGINEERING TEST GROUP 

MAY 1961 

£/--? NOX 

A s n A 

TIPOR 

AERONAUTICAL SYSTEMS DIVISION 



NOTICES 

When Government drawings, specifications, or other data are used for any purpose other 
than in connection with a definitely related Government procurement operation, the United States 
Government thereby incurs no responsibility nor any obligation whatsoever; and the fact that 
the Government may have formulated, furnished, or in any way supplied the said drawings, 
specifications, or other data, is not to be regarded by implication or otherwise as in any manner 
licensing the holder or any other person or corporation, or conveying any rights or permission 
to manufacture, use, or sell any patented invention that may in any way be related thereto. 

■& 

Qualified requesters may obtain copies of this report from the Armed Services Technical 
Information Agency, (ASTIA), Arlington Hall Station, Arlington 12, Virginia. 

Copies of WADD Technical Reports and Technical Notes should not be returned to the Wright 
Air Development Division unless return is required by security considerations, contractual obliga- 
tions, or notice on a specific document. 

AF-WP-B-JUN  61    65 



WADD TECHNICAL NOTE 60-283 

Category II High Temperature Evaluation 
off a T-38 Aircraft 

Clair K. Sandstrom 
Billy L. Whife 

Flight Test Division 

Flight and Engineering Test Group 

May 1961 

Systems Project Number 420L 

Aeronautical Systems Division 
Air Force Systems Command 

United States Air Force 
Wright-Patterson Air Force Base. Ohio 



WADD TN 60-283 

FOREWORD 

This report on the T-38A High Temperature Evaluation was prepared by Glair K. 
Sandstrom and Billy L. White of the Flight Test Engineering Branch, Flight and Engineer- 
ing Test Group, Wright Air Development Division (WADD), at the request of the Directo- 
rate of Systems Management, Airborne Support Systems Division, T-38 Support Systems 
Project Office under Systems Project Number 420L. Mr. Sandstrom was project engineer; 
Gapt Russell L. Rogers, Air Force Flight Test Genter, was the project pilot. 

The high temperature tests were conducted at the El Gentro Naval Auxiliary Landing 
Field (NALF), Galifornia, from 19 August through 5 September 1960. 

The Flight and Engineering Test Group, WADD, directed the tests, provided the engi- 
neering and instrumentation personnel, and was responsible for final data reduction and 
analysis, and publication of the test results. Data for preliminary instrument flight pro- 
cedures for the Flight Manual were also gathered during the desert tests and will be 
published in a separate report by the Flight Test Engineering Branch. Operational in- 
formation influenced by desert climates is presented in paragraph 25 of "Recommenda- 
tions" as proposed additions to Section IX of the applicable flight handbook, T.O. T-38A-1. 

The Air Force Flight Test Genter (AFFTG), Edwards Air Force Base, Galifornia, pro- 
vided the project pilot, supply support, and maintenance personnel. The El Gentro NALF 
provided limited base support. 

Technical representatives of Norair Division, Northrop Aircraft Gorporation, 
Hawthorne, Galifornia, and General Electric Gorporation participated in the test. The 
T-38A "Talon" (USAF S/N 59-1590) aircraft was designed and manufactured by Norair; 
instrumentation pick-ups and leads were installed by Northrop during production in 
accordance with military specification MIL-1-5289(ASG) as amended by WADD. The air- 
craft was powered by two YJ85-GE-5 eight-stage axial-flow turbojet engines. Additional 
instrumentation and the necessary recording equipment were installed in the aircraft at 
Edwards Air Force Base, Galifornia, prior to the El Gentro tests, by WADD instrumen- 
tation personnel, with shop support furnished by AFFTG. 

u 
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ABSTRACT 

The T-38A aircraft was subjected to flight and static tests at ambient temperatures up 
to 1150F at the El Centro Naval Auxiliary Landing Field, California. No serious deficien- 
cies were encountered. The cockpit temperatures were unsatisfactory; however, the re- 
frigeration package in the test aircraft was not a production unit and is to be replaced by 
a more efficient unit in the production aircraft. 

Tests proved maintenance of the aircraft in a desert climate presents no unusual prob- 
lem, but strict adherence to operational procedures, as affected by high temperatures, 
is necessary. 
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INTRODUCTION 

GENERAL 

1. High temperature tests of a T-38 "Talon" aircraft (USAF S/N 59-1596), Figure 1 
(frontispiece), were conducted at El Centro Naval Auxiliary Landing Field, El Centro, 
California. Objectives of the tests were to: 

a. Determine the adequacy of the aircraft systems and components for 
functioning under high temperature climatic conditions. 

b. Analyze high temperature deficiencies discovered and make recom- 
mendations for corrective action. 

c. Determine desert operating procedures to be included in Section IX 
of the applicable flight handbook, T. O. T-38A-1. 

d. Compile environmental data for design purposes. 

2. Flight tests were designed to subject the aircraft to the most extreme temperature 
conditions (ambient temperatures to 1150F) which may reasonably be expected while 
operating in desert climates. Ground tests were conducted to obtain data in two different 
areas, (1) to determine the effects of high temperatures and solar heat on the aircraft, 
its systems and components, and (2), to determine the maximum temperature during 
normal engine checkouts. 

3. Systems and components of the aircraft presented no problems which can be direct- 
ly or indirectly attributed to high temperatures. 

DESCRIPTION OF THE TEST AIRCRAFT 

4. The T-38A aircraft is a twin engine, two-place tandem trainer designed for speeds 
in the supersonic range. The mission of the aircraft is to accomplish all phases of basic 
pilot training, including day and night transition, formation, navigation, and adverse 
weather flying. The T-38A employs a low, thin wing; a movable, horizontal stabilizer; 
and fuselage lines characterized by distinct reverse curvature in the area of the wing 
root in conformance with the "area rule" concept. The crew normally consists of a 
student pilot and an instructor; the aircraft can be flown solo from either cockpit. 

5. The test aircraft had a basic weight of approximately 7760 pounds with an internal 
fuel capacity of 3640 pounds. For this test, the weight of the fully loaded aircraft, two 
crew members, 3640 pounds of fuel, and instrumentation recording equipment, was 
11,800 pounds. 

6. The YJ85-GE-5 engines, mounted nearly parallel to each other and near the center 
line of the aircraft, comprise an axial-flow eight-stage compressor coupled directly to 

Manuscript released by the author 1 December 1960 for publication as a WADD Technical 
Note. 
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a two-stage turbine. The engine incorporates a variable area inlet-guide vane system, a 
controlled compressor interstage bleed, an afterburner with a variable area exit nozzle, 
and employs a direct impingement type starting system. 

TEST INSTRUMENTATION 

7. Basic instrumentation included most of the thermocouples and transducers for the 
temperature and pressure pick-ups with all the necessary wiring leading from the pick- 
ups to the rear cockpit. The recording equipment, installed in the rear cockpit, included 
six switch boxes, a balance box, a junction box, and a digitizer equipped with a tape 
transport for recording. Most of the equipment was placed in the rudder pedal wells, 
which permitted an observer in the aft cockpit for all test flights. (The control stick and 
rudder pedals had been removed prior to the delivery of the aircraft to facilitate the 
installation of the recording system). 

8. The flight test engineer controlled the recording system from a control panel 
mounted in the rear cockpit. During engine starts, the controls were set on "continuous" 
and only the first two switch boxes were used to get engine start data since they con- 
tained all of the engine parameters. This gave a repeating cycle every four seconds for 
any one parameter. When all six of the 30 position switch boxes were used, each param- 
eter was sampled once every 12 seconds since the digital recording system has the 
capability of recording 180 parameters in 12 seconds. Throughout the test, the recording 
system was cycled at one-minute intervals during stabilized conditions, and operated 
continuously during transient conditions. 

9. A total of 119 parameters including 77 temperatures, 28 pressures, and 14 mis- 
cellaneous measurements were recorded by the digital recording system. A complete 
listing of the instrumentation is included in Appendix A. 

10. Solar radiation was measured by an Epply pyrheliometer coupled to a modified 
Brown milli-volt recorder. The pyrheliometer is sensitive to those factors such as 
cloud coverage, moisture, and dust, which affect the amount of solar heat reaching the 
test aircraft. Mounted on the platform adjacent to the pyrheliometer were ten thermo- 
couples which included one shaded, two with black metal discs, and seven unshielded. 
(See Figure 2 of Appendix C for the exact locations.) The thermocouples were positioned 
to record the ambient temperatures around the test aircraft from ramp level up to six 
feet above the ramp. 

TEST PROCEDURES AND RESULTS 

FLIGHT TEST SUMMARY 

Foreign Object Damage 

11. The engines are started with an external air supply. Engine starting is accomplished 
by direct impingement of low-pressure air on the second-stage turbine wheel of the two- 
stage engine rotor. 

12. Periodic inspection subsequent to the desert test showed that the turbine sections 
of both engines had suffered foreign object damage. No damage whatsoever was dis- 
covered in the compressor sections. It appeared that either the small baffles from the 
2 



WADD TN 60-283 

INTRODUCTION 

GENERAL 

1. High temperature tests of a T-38 "Talon" aircraft (USAF S/N 59-1596). Figure 1 
(frontispiece), were conducted at El Centre Naval Auxiliary Landing Field, El Centro. 
California. Objectives of the tests were to: 

a. Determine the adequacy of the aircraft systems and components for 
functioning under high temperature climatic conditions. 

b. Analyze high temperature deficiencies discovered and make recom- 
mendations for corrective action. 

c. Determine desert operating procedures to be included in Section IX 
of the applicable flight handbook, T. O. T-38A-1. 

d. Compile environmental data for design purposes. 

2. Flight tests were designed to subject the aircraft to the most extreme temperature 
conditions (ambient temperatures to 1150F) which may reasonably be expected while 
operating in desert climates. Ground tests were conducted to obtain data in two different 
areas, (1) to determine the effects of high temperatures and solar heat on the aircraft, 
its systems and components, and (2), to determine the maximum temperature during 
normal engine checkouts. 

3. Systems and components of the aircraft presented no problems which can be direct- 
ly or indirectly attributed to high temperatures. 

DESCRIPTION OF THE TEST AIRCRAFT 

4. The T-38A aircraft is a twin engine, two-place tandem trainer designed for speeds 
in the supersonic range. The mission of the aircraft is to accomplish all phases of basic 
pilot training, including day and night transition, formation, navigation, and adverse 
weather flying. The T-38A employs a low, thin wing; a movable, horizontal stabilizer; 
and fuselage lines characterized by distinct reverse curvature in the area of the wing 
root in conformance with the "area rule" concept. The crew normally consists of a 
student pilot and an instructor; the aircraft can be flown solo from either cockpit. 

5. The test aircraft had a basic weight of approximately 7760 pounds with an internal 
fuel capacity of 3640 pounds. For this test, the weight of the fully loaded aircraft, two 
crew members, 3640 pounds of fuel, and instrumentation recording equipment, was 
11,800 pounds. 

6. The YJ85-GE-5 engines, mounted nearly parallel to each other and near the center 
line of the aircraft, comprise an axial-flow eight-stage compressor coupled directly to 

Manuscript released by the author 1 December 1960 for publication as a WADD Technical 
Note. 



WADD TN 60-283 
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2 
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first-stage turbine or foreign objects had entered the turbine section causing the damage. 
The foreign objects may have been forced into the first stage of the turbine through the 
starter air ducts. As the engine started motoring, air from the engine compressor would 
have forced the objects back through both sections of the turbines. The objects damaged 
turbine nozzles, blades, and partitions. On the day before the final ground engine run, a 
violet wind storm had occurred, in which quantities of sand and pebbles were blown 
around extensively. Some of these may have entered the duct of the MA-1 starting unit. 
As it is not common practice to inspect or blow out this duct before attaching the MA-1 
unit to the starter air duct receptable, it is likely that the foreign objects entered the 
engines in this manner. 

Accessory Power Shaft Failure 

13. Immediately after the flight on 22 August, a turn-around flight had to be abandoned 
because of a failure in the hydraulic system due to shearing of the radial shaft in the 
engine driven accessory gearbox. (The engine mounted accessories are driven from an 
accessory gearbox on the under side of the engine. The gearbox is driven by a radiai 
shaft from the engine rotor. One of the drive pads on the accessory gearbox of each 
engine drives an airframe mounted accessory power assembly which consists of a two- 
speed automatic shifting gearbox. Each gearbox drives a generator and hydraulic pump. 
The two-speed gearboxes shift automatically during engine acceleration or deceleration 
to maintain a safe operating speed for the generators and hydraulic pumps.) When the 
left engine was started the generator caution light remained on and there was no hy- 
draulic pressure in the left hydraulic system. Subsequent investigation revealed that the 
radial shaft (P/N 741C-872) in the engine driven accessory gearbox had sheared. The 
malfunction apparently had been caused by the failure of the two-speed gearbox to shift 
down during engine shut-down after the previous flight. The failure was not a high tem- 
perature fault and has happened frequently on other T-38 aircraft. The gearbox was 
removed during the periodic inspection and thoroughly examined. There were no faults 
or maladjustments found. The contractor has had serious quality control problems with 
this particular vendor and has changed vendors. 

GROUND TEST SUMMARY 

Static Temperature Survey 

14. The static temperature surveys were conducted during two weekend periods. The 
first, on 20-21 August, was compromised to some extent by light winds and clouds. The 
second period, on 26, 27. 28 August, represented more extreme conditions. Selected data 
from the latter test are presented in Appendix C. The solar radiation and ambient air 
temperatures are plotted for all three days as shown in Figures 3 through 6 of AppendixC. 

15. For the static temperature survey, the aircraft was parked on the ramp away from 
buildings or other obstructions which would cast shadows. The aircraft was parked with 
its longitudinal axis oriented in the north-south direction; cockpit canopies were closed 
and locked for the entire heat-soak period to obtain the maximum cockpit temperatures 
under the most extreme conditions. Temperature data were recorded at 30-minute in- 
tervals from 0700 to 1800 hours and at 60-minute intervals from 1800 to 0700 hours. No 
covers were used on the canopies. 

16. Analysis of the data presented in Appendix C shows that the maximum temperature 
of 1600F occurred in the upper fuselage and in the cockpit area where the effects of solar 
radiation are greatest. 

3 
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17. Comparison of the data over the complete soak period indicates that little or no 
heat is retained in the aircraft or aircraft systems from one day to the next. Therefore, 
opening or closing the aircraft in the evening will have no effect on the peak tempera- 
tures on the following day. 

18. No unusual problems are anticipated if the aircraft is kept closed during high tem- 
perature periods. It would be advisable, however, to vent the aircraft when weather con- 
ditions permit, to reduce the temperatures within the aircraft. Normal high temperature 
problems associated with increased deterioration of rubber materials, plastics, and 
lubricants may be expected along with minor thermal stress. 

Ground Engine Run 

19. The engines were operated at various stabilized speeds from idle to maximum 
power with afterburners to determine the maximum temperatures which may be expected 
to occur in the aircraft compartments and systems during normal desert ground engine 
checkouts. Although high temperatures were reached, none of them appeared to be ex- 
cessive. The engine run data does not appear in this report but is available from the 
originator upon request. 

CONCLUSIONS 

20. No serious deficiencies were encountered during the tests that could be attributed 
to high temperature operations. Maintenance of the aircraft in a desert climate pre- 
sented no unusual problems; therefore, the aircraft may be considered suitable for desert- 
type operation such as encountered in the test area. 

RECOMMENDATIONS 

21. The following recommendations are based on the results of the high temperature 
functional evaluation tests conducted on the T-38A aircraft at El Centre NALF: 

a. Eliminate the possibility of foreign objects entering the starting unit hose by 
placing a screening device in the adapter between the starting unit hose and the starter 
air duct receptacle of the engine. (Reference paragraph 12). 

b. Include the Desert Operating Procedures, which follow, in Section IX of the 
applicable flight handbook, T. O. T-38A-1. 

DESERT AND HOT WEATHER PROCEDURES 

22. Hot weather and desert procedures differ from normal procedures mainly in that 
additional precautions must be taken to protect the aircraft from damage caused by high 
temperatures and dust. Particular care should be taken to prevent the entrance of sand 
into the various aircraft components and systems (engine, fuel system, pitot-static sys- 
tems, etc.). All filters should be checked more frequently than under normal conditions. 
Units with plastic or rubber parts should be protected as much as possible from wind- 
blown sand and excessive temperatures. Canopy covers should be left off to prevent sand 
from entering between the cover and the canopy and acting as an abrasive on the plastic. 
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Heat buildup under closed canopy will not damage cockpit at runway temperatures of 
1100F or less. 

Before Entering Aircraft 

NOTE: All metal surfaces exposed to the sun will be ex- 
tremely hot to the touch, and gloves should be worn during 
preflight inspections. 

1. Check exposed portions of shock strut pistons for dust and sand and have them 
cleaned if necessary. 

2. Check inflation of shock struts and hydraulic accumulators which may have become 
over-inflated due to temperature increases. 

3. Check tires carefully for improper inflation and blistering or cord separation. 

4. Be sure all protective covers are removed from aircraft. 

5. Check intake duct for accumulations of dust or sand. 

6. Make sure all filters have been cleaned and that the aircraft has been thoroughly 
inspected for fuel or hydraulic leaks caused by the swelling of packings or expanding of 
fittings. 

7. Inspect area behind aircraft to make sure sand or dust will not be blown onto 
personnel or equipment during starting operations. 

8. Check starting unit duct for accumulations of small stones and sand. 

On Entering Aircraft 

1. Check cockpit for accumulation of dust or sand. 

2. Check instruments and controls for moisture from high humidity, and apply heat if 
necessary, to dry them. 

NOTE: All items in the cockpit that have been exposed 
to the sun are extremely hot to touch unless the cockpit has 
been protected by a canopy sun shade. 

Ground Operation 

1. Normal starting procedures are used in hot weather. 

2. Expect the engines to accelerate more slowly than on a normal or cold day. 

3. Ground checking should be complete but accomplished as rapidly as possible. 

4. Limit use of brakes as much as possible during taxi operation to prevent over- 
heating. 
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Takeoff 

CAUTION: Takeoff planning is very important with high 
ambient temperatures and runways of marginal length. 
Takeoff distance will be longer because the air is less 
dense and ground speed will be increased for the same 
indicated airspeed. The refusal speed and distance, and 
the speed and distance checks should be carefully calcu- 
lated. 

1. To prevent additional drag caused by excessive angle of attack, the nose should not 
be lifted off until slightly below the recommended rotation speed. 

2. Hot weather operation requires the pilot to be cautious of gusts and wind shifts near 
the ground. 

During Flight 

1. During high altitude flight the windshield and canopy defrost system should be 
operated at the highest possible temperature consistent with the crew members' comfort. 
This will preheat the transparent surfaces, thus precluding the formation of frost or fog 
during descent. 

Approach and Landing 

1. Check very closely and maintain recommended indicated approach and touchdown 
speeds. Because of high outside air temperatures, speed relative to the ground is higher 
than normal. 

2. Anticipate a long landing roll due to higher ground speed at touchdown. 

3. Use all available runway for stopping to avoid overheating the brakes. 

Before Leaving Aircraft 

1. Make sure that the protective cover is installed immediately on the pitot boom. 

NOTE: Engine intake and exhaust duct covers should not 
be installed before normal engine cool-down period. 
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APPENDIX A 

INSTRUMENTATION SUMMARY 

The T-38A test aircraft's basic instrumentation was installed during production by the 
Norair Division of the Northrop Corporation in accordance with military specification 
MIL-I-5289(ASG) as amended by WADD. The aircraft was instrumented under the con- 
cept of selective instrumentation in order to keep the total number of pick-ups to a mini- 
mum. 

Essentially, the instrumentation recorded data from the left engine, the hydraulic sys- 
tem, the air-conditioning system, the fuel system, the electrical system, and flight 
parameters. A total of 119 parameters including 77 temperatures, 28 pressures, and 14 
miscellaneous measurements were recorded by the digital recording system mounted in 
the rear cockpit of the aircraft. 

The data were recorded at various rates depending on the information required. During 
engine starts the controls were set on "continuous" and only the first two switch boxes 
were used to get engine "start" data, with a repeating cycle for any one parameter every 
four seconds. When all six of the 30-position switch boxes were used, each parameter 
was sampled once every 12 seconds. Throughout the test, during stabilized conditions 
the recording system was cycled at one-minute intervals,and during transient conditions 
the system was operated continuously. 

A list of the instrumentation parameters, with switch box positions and corresponding 
ranges, is included in Table 1 of this appendix. 

Table 1 

SWITCH BOX INSTRUMENTATION 

BOX PICKUP 
POSITION NR ITEM RANGE 

BOX NR 1 (Pressure) 

1 Counter-Cycle 

2 Counter-Time 

3 Potentiometer - Time 

4 1 Airspeed 

5 2 Altitude 

6 3 Outside Air Temp. 

7 4 Exhaust Gas Temp 
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Table 1 (Cont'd) 

BOX PICKUP 
POSITION NR ITEM RANGE 

8 

9 

10 

11 

12 

13 

14 

15 

16 

20 

21 

22 

23 

8 

5 

11 

400 

401 

405 

406 

407 

17 402 

18 403 

19 10 

420 

422 

423 

424 

BOX NR 1 (Pressure) (Cont'd) 

Tachometer Speed 

Throttle Position 

Main Fuel Flow Left-Hand Engine 

Static Reference Manifold Pressure 

Compressor Air inlet Pressure 
(11:00 Position) 

Compressor Air Inlet Pressure 
(7:00 Position) 

Fuel Pressure at Inlet to Left-Hand 
Fus. Fuel Filter 

Fuel Pressure at Outlet to Left-Hand 
Fus. Fuel Filter and Inlet to Engine 
and Afterburner Fuel Pumps 

Fuel Pressure at Main Eng. Fuel Manifold 
Line 

Oil Press into Eng. Pump (Oil Tank Pressure) 

Oil Pressure Out of Eng. Pump 

Cabin Conditioning Control  Valve 
Position 

Static Air Sensor 
(Differential Pressure Between Cockpit 
and Static Air Sensor) 

Static Pressure of Bleed Air Downstream of 
Shutoff Valve 

Total Pressure of Bleed Air Downstream of 
Shutoff Valve 

Static Pressure of Conditioned Air Downstream 
Hot-Cold Junction P19S 

0-115° 

(LB/HR) 

± 6 PSID 

± 12.5 PSID 

± 12.5 PSID 

± 25 PSID 

± 35 PSID 

0-1000 PSIG 

± 6 PSID 

0-75 PSIG 

O^O0 1000 

± 6 PSID 

± 2.5 PSID 

0-150 PSIG 

f 
± 2.5 PSID 

of 
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Table 1 (Cont'd) 

BOX PICKUP 
POSITION NR 

24 

25 

26 

2-7 

28 

2^ 

425 

426 

427 

428 

429 

ITEM 

BOX NR 1 (Pressure) (Cont'd) 

Total Pressure of Conditioned Air 
Downstream of Hot-Cold Junction P 12T 

Static Pressure of Bleed Air By-Pass 
p 

10S 

Total Pressure of Bleed Air By-Pass 
p 

10T 

Static Pressure; Bleed Air Defog Duct 
Upstream Nozzle (Fwd. C/P Windshield) 

Static Pressure at Cockpit Ram Air in 
Valve 

Bridge Power Reference 

RANGE 

0-30 PS1A 

± 2.5 PSID 

0-100 PS1G 

± 25 PSID 

± 12.5 PSID 

BOX NR 2 (Temperature) 

1 50 

2 51 

3 54 

4 55 

S6 

6 58 

7 59 

8 52 

9 53 

10 77 

Compressor Air Inlet Temp. (11:00 Position) 

Compressor Air Inlet Temp. (7:00 Position) 

Fuel Temp. Center of Fwd. Fus. Tank 

Fuel Temp, at Outlet of Fwd. Fuel Cell 
Boost Pump 

Fuel Temp, at Outlet of Left-Hand Fus. Fil. and 
Inlet to Engine 

Fuel Temp, at Fuel Oil Cooler Outlet 

Fuel Temp, at Main Eng. Fuel Flowmeter 
and Inlet to Oil Cooler 

Oil Temp, into Engine 

Oil Temp, out of Engine (Nr 3 Bearing) 

Amb, Air Temp. Adjacent to Cabin Temp. 
Sensor 
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Table 1 (Cont'd) 

BOX PICKUP 
POSITION NR ITEM RANGE 

17 76 

18 85 

19 85A 

20 88 

22 98 

23 98A 

24 86 

25 89 

26 89A 

27 87 

28 90 

29 90A 

BOX NR 2 (Temperature)  (Cont'd) 

11 78 Cockpit Air out Downstream of Equip. 
Ram Air Junction 

12 79 Defog Air Temp. Upstream of Defog Nozzle 

13 80 Bleed Air Temp. Downstream of Shutoff Valve 

14 81 Bleed Air at By-Pass T „ (Control Valve Inlet) 

15 82 Air Temp. Downstream of Moisture Sep Anti- 
Ice Valve T 

16 83 Air Temp. Downstream of Hot-Cold Junction T „ 

Cockpit Air in Temp. (Fwd.) 

Surface Temp. Base of Windshield (Center) 

Surface Temp. Base of Windshield (Left Side) 

Surface Temp. Left-Hand Center of Windshield 
(Center) 

21 88A Surface Temp. Left-Hand Center of Windshield 
(Left Side) 

Surface Temp. Center of Windshield (Top) 

Surface Temp. Left Side of Windshield (Aft) 

Surface Temp. Top Center of Fwd. Canopy 

Surface Temp. Left Center of Fwd. Canopy 

Surface Temp. Left Bottom of Fwd. Canopy 

Surface Temp. Top Center of Aft. Canopy 

Surface Temp. Left Center of Aft Canopy 

Surface Temp. Left Bottom of Aft Canopy 
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Table 1 (Cont'd) 

BOX PICKUP 
POSITION NR ITEM RANGE 

BOX NR 3 (Temperature) 

1 70 

2 71 

3 71A 

4 72 

5 73 

6 74 

7 74A 

8 75 

9 

10 91 

11 

12 

13 

14 

15 

16 

92 

93 

94 

95 

96 

97 

17 110 

18 111 

19 112 

20 113 

Pilot's Foot Temp. 

Pilot's Waist Temp. (Unshielded) 

Pilot's Waist Temp. (Shielded) 

Pilot's Head Temp. 

Student's Foot Temp. 

Student's Waist Temp. (Unshielded) 

Student's Waist Temp. (Shielded) 

Student's Head Temp. 

Zero Reference 

Ambient Temp. Aft Electrical Compartment 
(STA-282) Right-Hand 

Ambient Temp. Aft Electrical Compartment 
(STA-282) Left-Hand 

Ambient Temp. Aft Electrical Compartment 
(STA 277) 

Ambient Temp. Fwd. Electrical Compartment 
(STA 103.5) Right-Hand 

Ambient Temp. Fwd. Electrical Compartment 
(STA 112) Right-Hand 

Ambient Temp. Fwd. Electrical Compartment 
(STA 135) Left-Hand 

Ambient Temp. Fwd. Electrical Compartment 
(STA 135) Right-Hand 

Utility Pump Inlet Oil Temp. 

Utility Pump Outlet Oil Temp. 

Utility Reservoir Inlet Oil Temp, 

Utility Cooler Inlet Oil Temp. 

11 
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Table 1 (Cont'd) 

BOX PICKUP 
POSITION NR ITEM RANGE 

BOX NR 3 (Temperature) (Cont'd) 

21 114 

22 115 

23 116 

24 117 

25 118 

26 119 

2^ 120 

28 121 

24 122 

Fit. Control Pump Inlet Oil Temp. 

Fit. Control Pump Outlet Oil Temp. 

Fit. Control Reservoir Inlet Oil Temp. 

Fit. Control Inlet Oil Temp., Right-Hand 
Rudder Cyl. 

Fit. Control Outlet Oil Temp., Right-Hand 
Rudder Cyl. 

Fit. Control Cooler Inlet Oil Temp. 

Skin Temp, to Left-Hand Aileron Cyl. (Door 28) 

Ambient Temp, to Left-Hand Aileron Act. 

Case Temp, to Left-Hand Aileron Act. 

BOX NR 4 (Pressure) 

1 Counter-Time (Omit) 

2 Potentiometer-Time 

3 1 Airspeed 

4 2 Altitude 

5 3 Outside Air Temp. 

6 4 Exhaust Gas Temp. 

7 5 Main Fuel Flow (Left-Hand Engine) 

8 6 Main Afterburner Fuel 
Flow (Left-Hand Engine) 

Tachometer Speed 

(LB/HR) 

0-24 GPM 

12 
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Table 1 (Cont'd) 

BOX PICKUP 
POSITION NR ITEM RANGE 

10 

11 

12 

13 

14 

20 

21 

22 

10 

11 

404 

450 

451 

15 440 

16 441 

17 442 

18 443 

19 444 

430 

408 

421 

BOX NR 4 (Pressure) (Cont'd) 

Cabin Conditioning Control Valve 
Position 0-90° 1000 

Static Reference Manifold ± 6 PSID 

Differential Pressure Between Fwd. 
Fuel Cell and Fwd. Fuel Cell Cavity ± 7.5 PSID 

Total Pressure Cooling Air Inlet to 
Alternator ± 12.5 PSID 

Alternator, Compartment Static 
Pressure ± 6 PSID 

Utility Pump Inlet Pressure ± 25 PSID 

Utility Pump Outlet Pressure 0-5000 PSIG 

Flight Control Pump Inlet Pressure ± 25 PSID 

Flight Control Pump Outlet Pressure 0-5000 PSIG 

Flight Control Inlet Pressure, Right- 
Hand Rudder Act. 0-3500 PSIG 

Static Pressure, Air into Util, Symmetrical 
Hydraulic Reserve ± 12.5 PSID 

Fuel Pressure at Main Eng. A/B Fuel 
Manifold Line 0-1000 PSIG 

Fwd. Equip. Compartment Pressure, 
Differential Pressure to Static Air 
Sensor ± 6 PSID 

BOX NR 5 (Temperature) 

130 

131 

AC Alternator Cooling Air Inlet 
Temp, 

AC Alternator Cooling Air Outlet 
Temp. 

13 
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Table 1 (Cont'd) 

BOX PICKUP 
POSITION NR ITEM 

BOX NR 5 (Temperature) (Cont'd) 

RANGE 

3 133 

4 132 

5 60 

6 134 

7 ei 

8 84 

9 228 

10 229 

11 76A 

12 

13 

14 

15 

16 

17 

18 

21 

22 

23 

24 

25 

26 

Ambient Air Temp. Near Alternator 

AC Alternator Frame Temp. 

Fuel Temp at A/B Fuel Flowmeter 

Frame Temp, of Voltage Regulator 

Surface Temp, of Stabilizer Act. Bearing 

Temp, of Air to Pressurize Utility System 
Hydraulic Reservoir 

Battery Compartment Ambient 

Battery Terminal Temp. 

Aft Cockpit Air Inlet Temp 

High Reference 

Bottom Seat Remover 

Middle Seat Remover 

Top Seat Remover 

Canopy Remover 

Ambient at Canopy Remover (Spare) Top 

Ambient at Canopy Remover (Spare) Bottom 

I.C. Compartment 

AC Alternator Cool Air Inlet Temp 

AC Alternator Cool Air Outlet Temp. 

Alternator Ambient Air Temp. 

AC Alternator Frame Temp 

Aft Cockpit Total Air 

14 
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APPENDIX B 

DESCRIPTION OF FLIGHTS 

GENERAL 

Eleven flight tests were made to determine the extreme high temperature operating 
limits which can be expected to occur throughout the aircraft and to obtain preliminary 
instrument flight procedures for the aircraft. Temperatures and pressures which occur 
in the hydraulic oil, engine oil, fuel, and air-conditioning systems were monitored by 
instrumentation recording equipment to determine their operating limits. In addition to 
determining extremes, several flights were devoted to normal high temperature opera- 
tion and design missions to establish an envelope of expected normal desert operating 
conditions for inclusion in Section IX of the Flight Manual. Preliminary instrument 
procedures for takeoff, climb, holding, jet penetration, low approach, GCA, and missed 
approach were also developed during the test period. All but one test flight were flown 
during the hottest portion of the day. A weather station temperature of 1050F coupled with 
a solar radiation of 310 btu/sq ft/hr was established as the desired test minimums. The 
1050F minimum temperature was obtained on most flights, although, due to the calendar 
time of the test, the solar radiation was below the desired maximum. A ground tempera- 
ture survey was conducted prior to each flight which consisted of at least a four-hour 
heat soak. 

Table 2 

HIGH TEMPERATURE FLIGHT CONDITIONS 

FLIGHT TEST NR 1 (ADVERSE WEATHER PROCEDURES) 

DATE: 19 Aug 60 MAX. AMBIENT TEMPERATURE: 109oF 
FLT. TIME: 70 Minutes T/O AMBIENT TEMPERATURE:    l09oF 

OBJECTIVE: To accomplish an inflight temperature survey 
of various subsystems at an altitude of 20,000 feet, an in- 
strument takeoff (1TO), a ground controlled approach (GCA), 
and a single engine saw-tooth descent. 

COMMENT: A simulated instrument takeoff was made using VFR takeoff procedures. At 
20,000 feet the right engine was shut down and a descent made to simulate a single 
engine penetration. A GCA was simulated utilizing a closed airfield. 

FLIGHT TEST NR 2 (MISSION 2, SUPERSONIC TRAINING) 

DATE: 22 Aug 60 MAX. AMBIENT TEMPERATURE: 106oF 
FLT. TIME: 75 Minutes T/O AMBIENT TEMPERATURE:    106oF 

OBJECTIVE: To provide normal systems operating data and 
to evaluate the air-conditioning and pressurization systems. 
Adverse weather flight procedures and techniques were prac- 
ticed at the end of the mission. 

15 
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Table 2 (Cont'd) 

FLIGHT TEST NR 2 (MISSION 2. SUPERSONIC TRAINING) (Cont'd) 

COMMENT: An instrument takeoff and a military power climb to 40,000 feet were accom- 
plished. The airspeed was stabilized at .88 Mach for 15 minutes. The aircraft was then 
accelerated to its maximum power and held for 10 minutes. A holding pattern, descent 
in a holding pattern, penetrations from 20,000 feet,and a GCA were made before re- 
turning to the El Centre NALF. 

FLIGHT TEST NR 3 (ADVERSE WEATHER PROCEDURES) 

DATE: 24 Aug 60 (FIRST FLT.) MAX. AMBIENT TEMPERATURE l04oF 
FLT. TIME: 90 Minutes T/O AMBIENT TEMPERATURE     l04oF 
T/O ROLL: 2600 Ft LANDING ROLL: 3350 Ft 

OBJECTIVE: To accomplish a high-speed temperature 
survey at low altitude, instrument takeoff, two holding 
penetrations, and two GCA approaches. 

COMMENT: An instrument takeoff was conducted in the same manner as previous flights 
except that A/B operation was maintained longer than before. A holding pattern was per- 
formed at 30,000 feet and a penetration was made at an altitude of 20,000 feet. Missed 
approach procedures were practiced along with two GCA approaches. 

FLIGHT TEST NR 4 (MISSION 4, NIGHT FLIGHT) 

DATE: 24 Aug 60 (SECOND FLT.) MAX. AMBIENT TEMPERATURE: 910F 
FLT. TIME: 90 Minutes T/O AMBIENT TEMPERATURE:     910F 
T/O ROLL: 2550 Ft LANDING ROLL: 2950 Ft 

OBJECTIVE: To perform a temperature survey after sundown. Its 
purpose was to determine the effects of solar radiation on air- 
conditioning requirements. 

COMMENT: The previously developed instrument takeoff and climb techniques were 
applied to night operations and found acceptable. After climb to 30,000 feet the aircraft 
was accelerated to and held at its maximum airspeed for 10 minutes. It was then de- 
celerated to and held at its maximum endurance airspeed for 15 minutes. A holding 
pattern, penetration, and a GCA were performed as in previous flights. 

FLIGHT TEST NR 5 (MISSION 1, LOW ALTITUDE) 

DATE: 25 Aug 60 (FIRST FLT.) MAX. AMBIENT TEMPERATURE: 1000F 
FLT. TIME: 90 Minutes T/O AMBIENT TEMPERATURE:     970F 
T/O ROLL  2600 Ft LANDING ROLL: 3250 Ft 

OBJECTIVE: To provide extreme and normal operating data on the various aircraft sys- 
tems at both high and low altitudes. Penetrations and VOR approaches using GCA pro- 
cedures were made at the end of the low altitude portion of the test. 

16 
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Table 2 (Cont'd) 

FLIGHT TEST NR 5 (MISSION 1, LOW ALTITUDE) (Cont'd) 

COMMENT: After an instrument takeoff and climb to 35.000 feet, power was reduced to 
best cruise airspeed and held for 10 minutes followed by 15 minutes at maximum en- 
durance airspeed. Following a maximum rate of descent to 700 feet, the aircraft was 
held at military power at this altitude for 10 minutes. Adverse weather procedures were 
practiced at the end of the test run. 

FLIGHT TEST NR 6 (ADVERSE WEATHER PROCEDURES) 

DATE: 25 Aug 60 (SECOND FLT.) MAX. AMBIENT TEMPERATURE: 950F 
FLT. TIME: 90 Minutes T/O AMBIENT TEMPERATURE:     950F 
T/O ROLL: 2600 Ft LANDING ROLL: 3600 Ft 

OBJECTIVE: To accomplish an instrument takeoff followed by 
a single engine penetration. GCA, VOR. and missed approach. 

COMMENT: All of the single engine procedures were worked out on this flight. The Yuma 
VOR and LF stations were used to develop adverse weather procedures. 

FLIGHT TEST NR 7 (MISSION 3. HIGH SPEED) 

DATE: 29 Aug 60 MAX. AMBIENT TEMPERATURE: 108oF 
FLT. TIME: 80 Minutes T/O AMBIENT TEMPERATURE:     l08oF 
T/O ROLL: 2600 Ft LANDING ROLL: 3860 Ft 

OBJECTIVE: To make inflight temperature measurements 
of various subsystems at maximum airspeed at an altitude of 
20.000 feet. Adverse weather information on flight pro- 
cedures and techniques were practiced at the end of the test 
run. 

COMMENT: An instrument takeoff and climb to 20,000 feet were made using VFR takeoff 
procedures. The aircraft was accelerated to its maximum airspeed and maintained for 
10 minutes, then decelerated to its maximum endurance airspeed and held for 15 minutes. 
Two holding patterns and penetrations were performed over the Yuma VOR station. A 
GCA was flown using VFR procedures. 

FLIGHT TEST NR 8 (MISSION 5, LOW LEVEL. HIGH SPEED) 

DATE: 30 Aug 60 MAX. AMBIENT TEMPERATURE: llTF 
FLT. TIME: 65 Minutes T/O AMBIENT TEMPERATURE:     107oF 
T/O ROLL: 2700 Ft LANDING ROLL: 3825 Ft 

OBJECTIVE: To provide extreme operating data on the 
various aircraft systems and evaluate the air-con- 
ditioning systems at high speed and high ambient tem- 
perature conditions. 

17 
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Table 2 (Cont'd) 

FLIGHT TEST NR 8 (MISSION 5. LOW LEVEL. HIGH SPEED) (Cont'd) 

COMMENT: An instrument takeoff and climb to 2500 feet were made and the aircraft was 
stabilized at maximum military power for 15 minutes followed by a climb to 20,000 feet 
at military power and stabilized at maximum endurance airspeed for 15 minutes. The 
final portion of the test consisted of a stabilization for 15 minutes at cruise airspeed. 

FLIGHT TEST NR 9 (MISSION 6. HIGH ALTITUDE. CRUISE AIRSPEED) 

DATE: 2 Sep 60 MAX. AMBIENT TEMPERATURE: l06oF 
FLT. TIME: 105 Minutes T/O AMBIENT TEMPERATURE:    l05oF 
T/0 ROLL: LANDING ROLL: 3530 Ft 

OBJECTIVE: To provide simulated design navigational 
training and normal operational data on all systems of 
the aircraft. Data was obtained for adverse weather 
during a portion of this mission. 

COMMENT: After an instrument takeoff and military climb to 42.000 feet, the aircraft 
was held for 30 minutes at its best cruise airspeed (.885M). A descent to 30.000 feet was 
made and the aircraft held at its best cruise airspeed for 15 minutes followed by a   descent 
to 20,000 feet and a practice penetration for GCA tests and single engine operation pro- 
cedures. 

FLIGHT TEST NR 10 (MISSION 5, REPEAT LOW-LEVEL HIGH SPEED) 

DATE: 3 Sep 60 MAX. AMBIENT TEMPERATURE: 1150F 
FLT. TIME: 60 Minutes T/O AMBIENT TEMPERATURE:    109°F 
T/O ROLL: 2600 Ft LANDING ROLL: 3950 Ft 

OBJECTIVE: To provide data during extreme operating 
conditions on the various aircraft systems. 

COMMENT; An instrument takeoff and military climb to 2500 feet were made. The air- 
craft was stabilized at maximum military power for 10 minutes, followed by a military- 
power climb to 20.000 feet, and best cruise airspeed accomplished and held for 10 
minutes. Then the aircraft was decelerated to its maximum endurance airspeed and held 
for 15 minutes. 

(See Appendix D For Tabulated Data on this Mission) 
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FLIGHT TEST NR 11 (MISSION 7, CRUISE AIRSPEED) 

DATE: 4 Sep 60 MAX. AMBIENT TEMPERATURE: 1130F 
ELT. TIME: 75 Minutes T/O AMBIENT TEMPERATURE:    110oF 
T/O ROLL: 2600 Ft LANDING ROLL: 3400 Ft 

(See Appendix D For Tabulated Data on this Mission) 

OBJECTIVE: To provide general operating data on the 
aircraft systems by flying at cruise airspeed at 35,000 
and 20.000 feet altitude. 

Following an instrument takeoff and military power climb to 35,000 feet, the aircraft 
was flown for 35 minutes at its best cruise airspeed. A descent to 20,000 feet was made 
and the aircraft was stabilized at its best cruise airspeed for 10 minutes. Adverse 
weather flight procedures and techniques were practiced during this mission. 

19 
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APPENDIX C 

STATIC TEMPERATURE SURVEY DATA 

Over the weekend of 26-28 August, a static temperature survey was conducted by NALF 
at El Centro, California, for 60 consecutive hours. The tabulated data is presented in 
this appendix with selected compartment temperatures and ambient air temperatures pre- 
sented in graphic form. (Reference paragraphs 17 and 18.) 
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Figure 2.   Thermocouple Locations for the Static Temperature Survey. 
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APPENDIX D 

FLIGHT TEST DATA 

Selected data from two flights. Flight Test numbers 10 and 11, made by NALF at El 
Centre, California, September 3rd and 4th, respectively, are presented in this appendix. 
Flight Test number 10 was conducted at maximum military power at 2500 feet, and at 
best cruise airspeed and maximum endurance airspeed at 20,000 feet. Flight Test 
number 11 was conducted at best cruise airspeed at altitudes of 20,000 and 35,000 feet. 
The static temperature survey (ambient air temperatures and solar radiation for both 
flights) is presented in graphic form. 
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